Field trials were conducted over three years at Samaru in the northern Guinea savannah ecological zone of Nigeria to evaluate the performance of 20 improved cowpea varieties under conditions of natural infestation by a parasitic weed, Alectra vogelii (Benth.). Grain yield ranged from 695 to 2043 kg ha -1 .The best yielding varieties were IT95K-1072-57 and IT97K-499-35. These varieties also hosted very low number of Alectra shoots, suggesting that they are resistant to it. In addition to high grain yield, both varieties produced high fodder yield, making them to be dual purpose varieties. They are therefore ideal for the semi-arid zone where livestock production is an integral part of the farming system and Alectra is a major constraint to the attainment of high cowpea yield. Alectra did not emerge on two of the varieties (IT95K-1090-12 and IT97K-818-35), indicating that they are highly resistant to the weed, but these varieties were among the poorest yielders. They may, however, be good sources of Alectra resistance in cowpea breeding programmes. Four varieties, IT95K-1380, IT93K-273-2-1, IT95K-222-5 and IT93K-573-5 supported high number of Alectra shoots and were therefore highly susceptible to its parasitism.
INTRODUCTION
Cowpea (Vigna unguiculata [L.] Walp) is the most important food legume and a major component of the cropping system of the dry savannas of West and Central Africa. Its grains which are rich in protein (23-25%) provide inexpensive source of protein for the people of this region. Cowpea also serves as a source of livestock feed, cash and soil ameliorant and thus contributes to food security, income generation and maintenance of the environment for a large number of resource-poor farmers.
Estimated worldwide production of cowpea grain in 2007 was 5.4 million tonnes from 11.3 million hectares out which Nigeria produced 3.15 million tonnes of grain from about 4.5 million hectares, representing 58.3% of the world production (FAOSTAT, 2009) . Nigeria, which is the highest world producer also, has the highest level of consumption and the domestic supply of cowpea far outstrips the demand leading to a defi cit which is largely met by importation from neighbouring countries (Coulibaly and Lowenberg-DeBoer, 2002) .
Even though FAO database estimated average cowpea grain production in Nigeria as 700 kg ha -1 (FAOSTAT, 2009 ), actual yield on farmers' fi elds in northern Nigeria, where the bulk of the production takes place, ranged from 0 to 132 kg ha -1 (van Ek et al., 1997) . The low cowpea yield has been attributed to numerous abiotic and biotic constraints of which the two parasitic weeds, Striga gesnerioides (Wild.) Vatke and Alectra vogelii (Benth.) are among the major ones. Alectra is more prevalent in the northern Guinea and southern part of Sudan savannah whereas Striga is more widespread in Sudan savannah and Sahelian zones (Singh et al., 1993) . Total yield loss is not uncommon in fi elds heavily infested by these parasites when susceptible cowpea varieties are planted (Emechebe et al., 1983) .
Grain yield reduction caused by Alectra infestation has been attributed to reduced root nodulation, shoot-root ratio and leaf area (Alonge et al., 2001a) . Other research showed that Alectra infestation caused delayed onset of fl owering and reduced number of fl owers (Mugabe, 1983) as well as reduced number of pods per plant, individual seed weight and grain total soluble carbohydrate (Alonge et al., 2001b) . Fields infested by Alectra are diffi cult to clean up due to a large production of viable seeds (over 50,000 per plant) which can remain dormant in the soil for several years (Singh and Emechebe, 1997) . Moreover, up to 75% of the crop damage is done before the emergence of the parasite from the ground, making the control of the parasite more diffi cult (Singh, 2002) , particularly for resource-poor farmers who could not afford the high cost of external inputs. Thus, the most economical and environmentally friendly way of controlling this parasitic weed would be through host-plant resistance.
The traditional cowpea varieties, which are still widely grown in northern Nigeria and virtually all the popular improved varieties, are susceptible to both Striga and Alectra. However, over the years concerted efforts have been made to develop improved cowpea varieties with combined resistance to the two parasitic weeds (Singh, 2002; Singh et al., 2006) . The objective of this study was to evaluate the performance of some of the improved cowpea varieties for grain yield and their reaction to natural fi eld infection by Alectra at a location in the northern Guinea savannah of Nigeria where this parasite is prevalent. The number of emerged Alectra in the two centre rows of each plot (6.0 m2) was counted at 9 WAP. Days to 50% fl owering and maturity were recorded. The grain yield was determined at maturity from the entire length of two centre rows (6.0 m2) of each plot. Dry fodder yield was also determined from the two centre rows in 2002. Four plants were sampled from each plot at maturity for the estimation of yield components. Data were subjected to analysis of variance. Where the F-ratio was found to be signifi cant, treatment means were separated using Duncan multiple range test (DMRT) at 5% level of probability. Correlation coeffi cient analysis was carried out on some of the parameters to determine the association between them.
MATERIALS AND METHODS

Field
RESULTS
The amount of rainfall received during the crop's growth period is presented in Table 1 . The highest precipitation was received in 2001 but this was concentrated in the two months of August and September. In contrast, the least precipitation received in 2000 was relatively evenly distributed between August and October. The effects of year, variety and year × variety interaction were signifi cant for all variables in the combined analysis, with the exception of the number of seeds/pod and 100-grain weight where year × variety was not signifi cant (Table 2) .
Average grain yield ranged from 695 kg ha -1 for IT97K-819-132 to 2043 kg ha -1 for IT95K-1072-57 (Table  3 ). The 20 varieties tested can be divided into three groups based on their yield performance. The fi rst group consists of IT95K-1072-57 and IT97K-499-35, which yielded signifi cantly higher than the other varieties. The second group comprises the 15 varieties that produced intermediate yield (1055 to 1349 kg ha -1 ) while the third group is made up of the three lowest yielding (< 800 kg ha varieties in each year (rank of 1or 2) while IT95K-1380 and IT97K-819-132 consistently had the lowest yields (data not presented). On the other hand, the ranking of most of the other varieties varied widely between years, resulting in signifi cant year × variety interaction. Days to fl owering and maturity varied from 44.0 to 50.5 and 77.1 to 87.7 days from sowing, respectively (Table  3) . Variety IT93K-452-1 was the earliest to fl ower and mature. The late fl owering and maturing varieties include IT97K-568-19, IT97K-820-18, LDP10-OBLI and IT-90K-277-2. With regards to yield components, number of pods/plant ranged from 10.2 to 19.9 for IT97K-819-132 and IT93K-273-2-1, respectively (Table 3) . Variety IT97K-819-132 also produced the lowest number of seeds/pod while IT95K-1072-57 had the highest. Average 100-grain weight ranged from 10.8 g for IT93K-273-2-1 to 18.7 g for IT95K-1072-57. Thus, IT95K-1072-57 had the highest number of seeds/pod and 100-grain weight.
Alectra shoot did not emerge on two of the varieties, IT95K-1090-12 and IT97K-818-35 but these varieties were among the poorest yielders (Table 3) . Four of the varieties (IT97K-820-18, IT97K-499-35, IT97K-819-132 and IT95K-1072-57), out of which two were the highest yielding varieties, had very low number (< 1.0) of emerged Alectra making them resistant. The other varieties could be considered susceptible to Alectra but IT95K-1380, IT93K-273-2-1, IT95K-222-5 and IT93K-573-5 in that order were most susceptible. (Table 3) . Other varieties that produced more than 2.0 tonnes of fodder per hectare include IT95K-1072-57, IT97K-499-35, IT90K-277-2, IT97K-568-19 and IT89KD-391. A comparison of the years showed that average grain yield was higher in 2000 than the succeeding two years that were at par (Table 4) The combined data indicated a signifi cant negative correlation between grain yield and the number of emerged Alectra while the relationship between grain yield and the yield components was signifi cantly positive (Table 5 ). The number of emerged Alectra was also signifi cantly negatively correlated with the number of pods per plant and 100-seed weight in the combined analysis.
DISCUSSION
This three-year fi eld study has revealed differential response of improved cowpea varieties to Alectra infection under natural conditions at a site in the northern Guinea savannah where this parasite is widespread. Two of the varieties, IT95K-1090-12, IT97K-818-35 consistently had no emerged Alectra and therefore appeared to be immune to this parasite. Singh (2002) had previously listed IT95K-1090-12 among the most promising cowpea varieties with combined resistance to Striga and Alectra. However, the present data showed that the two varieties that were highly resistant to Alectra were among the lowest yielders, indicating that the performance of varieties could be more affected by their inherent low yield potential rather than by Alectra. On the other hand the two best yielding varieties, IT95K-1072-57 and IT97K-499-35 supported very low number of Alectra, indicating that they are resistant to Alectra. Moreover, cowpea grain yield was signifi cantly negatively correlated (r = -0.28***, n = 240) with the number of Alectra shoots at 9 WAS, an indication that cowpea yields were depressed by Alectra in susceptible varieties.
The grain yield of most of the varieties, ranging between 1000 and 2000 kg ha -1 was lower than a yield potential of 1500 to 2500 kg ha -1 reported for Striga/Alectra resistant cowpea lines by Singh (2002) in a more productive environment in the Sudan savannah of Nigeria. Cowpea is a warm weather crop which thrives best in the dry savannas where temperatures range from 20 °C to 35 °C. The northern Guinea savannah where the present study was conducted is considered rather wet for the crop. Apart from insect pests and Alectra, the potential of cowpea in this environment is limited by diseases, especially Sphaceloma scab and brown blotch which are induced by the hot and humid weather (Emechebe and Lagoke, 2002) . The better yield performance of cowpea in 2000 compared to the succeeding two years could therefore be attributed to lower amount of rainfall received in 2000, particularly in the month of September. The 2000 precipitation was adequate and more evenly distributed than the succeeding two years. Another contributing factor to greater yield obtained in 2000 was a higher number of pods per plant probably resulting from lower incidence of Alectra, which has been reported to reduce grain yield mainly by its adverse effect on the number of pods per plant than the other yield components (Alonge et al., 2001b) .
The two cowpea varieties, IT95K-1072-57 and IT97K-499-35 that gave the highest grain yield also supported a low number of emerged Alectra, suggesting that they are resistant to Alectra. The grain yields of these varieties were stable over the years despite the fact that different part of the fi eld was used in each year. In fi eld trials conducted at two locations in northeastern Nigeria, Kamara Table 4 : Effect of year on the agronomic performance of improved cowpea varieties at Samaru, Nigeria.
Means followed by the same letter in a row are not signifi cantly different at 5% level of probability using DMRT. Singh et al. (2006) that this variety has combined resistance to Striga and Alectra. In addition to high grain yield and Alectra resistance, both IT95K-1072-57 and IT97K-499-35 produced high fodder yields in the present study, indicating that they are dual purpose varieties. In the Nigerian dry savannah crop and livestock farming are integrated and some cowpea varieties are planted purposely for fodder production to take care of animal feed during the dry season thus producing little or no grain while other varieties are mainly grown for grains. The dual purpose characteristic of IT95K-1072-57 and IT97K-499-35 stand them out as the most ideal varieties for this zone where livestock production is an integral part of the farming system as cowpea is a major source of nutritious fodder for livestock and protein for humans. According to Ntare (1990) an appropriate cowpea cultivar for the dry savannah would be the one that yields both grain and fodder.
Results of this study revealed that some cowpea varieties are resistant to Alectra. Even though the two varieties, IT95K-1090-12, IT97K-818-35 that appeared to be immune to Alectra have poor grain yield potential, they may be suitable candidates for use to improve the genetic base of existing cultivars and the varieties that are being developed for Alectra resistance. The two cowpea varieties, IT95K-1072-57 and IT97K-499-35 that combined Alectra resistance with high grain and fodder yield could be considered for cultivation in the northern Guinea savannah zone and other areas where Alectra is endemic.
